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X-ray and neutron diffraction are commonly used to 
investigate the structure of water under varying physical 
conditions [1-3]. A pilot experiment was performed using the 
WOMBAT powder diffraction instrument at ANSTO in which 
the first neutron diffraction peak (Q0) was measured for D2O 
flowing in a 2 mm internal diameter (3 mm external 
diameter) aluminium tube. Measurements of Q0 were made 
at -9, 4.3, 6.9, 12, 18.2 and 21.5 C. The D2O was circulated 
using a siphon with water in the lower reservoir returned to 
the upper reservoir using a small pump (figure 1,2). This 
enabled stable flow to be maintained for several hours. For 
example, if the pump flow increased slightly, the upper 
reservoir level rose, increasing the siphon flow until it 
matched the return flow. 
 
A neutron wavelength of 2.4 Å was used and data integrated 
over 60 minutes for each temperature. A jet of nitrogen from 
a liquid N2 Dewar was directed over the aluminium tube to 
cool the water below room temperature. After collection of 
the data, the d spacing of the aluminium peaks was used to 
calculate the temperature of the aluminium within the 
neutron beam and therefore was considered to be an 
accurate measure of water temperature within the beam.   
 
Figure 3 shows a plot of the neutron diffraction spectrum for 
the D2O with three sharp Al peaks to the right of the main 
water peak (Q0).  Sigmaplot version 12.3 was used to fit a 
Weibull five parameter peak fit to the first neutron 
diffraction peak (after subtraction of spectrum of the empty 
Al tube at room temperature). The values of Q0 obtained in 
this experiment showed an increase with temperature 
consistent with data in the literature [4] but were 
consistently higher than published values for bulk D20 (figure 
4). For example at 21.5 C we obtained a value of 2.008 Å-1 
for Q0 compared to a literature value of 1.988 Å
-1 [4] for bulk 
D2O at 20 C, a difference of 1%. Further experiments are 
required to see if this difference is real or an artifact of the 
experiment.  
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Figure 2. Experimental setup. The neutron beam emerges 
from the left and passes through the 2 mm ID Al tube. The 
curved Wombat detector is seen behind. 
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Figure 1. Schematic diagram of the siphon flow system 
capable of sustaining stable laminar flow for several hours . Figure 3. Neutron scattering spectrum obtained from D2O at 4 and 21 °C showing 
the main water peak and three Al peaks in the vicinity  used as a thermometer. Note 
that as the temperature increases the Al peaks move to the left as expected with 
thermal expansion whereas the water peak moves to the right. The amplitude of the 
three spectra have been normalised to the intensity of the first Al peak. 
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Figure 4. Plot of Qo(t) for bulk water and water flowing in 
the siphon tube in this experiment. 
